Abstract: Efficient syntheses of bis (1H-indol-3-yl)ethanones and bis (benzotriazolyl)ethanones via reaction of phenylglyoxals with indole or 1,H-benzotriazole in the presence B(HSO 4 ) 3 in solvent-free thermal and in aqueous media conditions are discribed. The syntheses have several advantages such as: generality, short reaction time, simple experiment and work-up procedures, excellent isolated yields.
Introduction
Indole and its derivatives are known as important intermediates in organic synthesis and pharmaceutical chemistry. These compounds exhibit various physiological properties and pharmacological activities 1 such as: beneficial estrogen metabolism promoter 2 , inhibitor for human prostate cancer cells 3 and radical scavengers 4 . Therefore, there is a great deal of interest in the synthesis of these classes of compounds.
On the other hand there have been a few reports for the reaction of indole with the phenyglyoxals 5 but numerous methods have been reported for the reaction of indole with aromatic or aliphatic aldehydes or ketones with a variety of reagents [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] .
Our group decided to investigate the reaction of indole with various phenyglyoxals in the presence B(HSO 4 ) 3 . This catalyst is safe, easy to handle, environmentally benign and presents fewer disposal problems. Boron sulfonic acid was easily prepared by addition of chlorosulfonic acid to boric acid under N 2 atmosphere at room temperature. This reaction was easy and clean, because HCl gas was evolved from the reaction vessel immediately 16 . Now, we are reporting mild, simple and efficient methods for the syntheses of bis (1H-indol-3-yl)ethanones and bis(benzotriazol-1-yl)ethanones in the presence of B(HSO 4 ) 3 in solvent-free thermal and in aqueous media conditions.
Experimental
All chemicals were purchased from Merck, Fluka and Aldrich and used without further purification. The products were characterized by their melting point and spectral data. All yields refer to isolated products.
1 H NMR and 13 C-NMR spectra were recorded on a Bruker DRX-400 in DMSO-d6 relative to TMS as an internal standard. IR spectra were run on a Shimadzu IR-470 spectrometer. Elemental analyses were performed of using a Heraeus CHN-O-Rapid analyzer.
Preparation of boron sulfonic acid
A 50 mL suction flask was equipped with a constant pressure dropping funnel. The gas outlet was connected to a vacuum system through an adsorbing solution (water) and an alkali trap. Boric acid (1.55 g, 25 mmol) was charged in the flask and chlorosulfonic acid (8.74 g, ca. 5 mL, 75 mmol) was added drop wise over a period of 1 h at room temperature. HCl evolved immediately. After completion of the addition, the mixture was shaken for 1 h, while the residual HCl was eliminated by suction. Then the mixture was washed with diethyl ether to remove the unreacted chlorosulfonic acid. Finally, a grayish solid material was obtained in 93% yield (7.0 g) 16 .
General procedure for preparation of compounds 3a-h
Method A
Indole or 1 H-benzotriazol (10 mmol) and boron sulfonic acid (0.2 g) were added to the phenylglyoxal (5 mmol), the mixture was pulverized in a mortar then the mixture was kept on an oil bath, heated to 110 o C and was stirred by a magnetic stirrer for 10 min. Completion of the reaction was indicated by TLC. After completion, the reaction mass was cooled to 25 o C, then warm pure EtOAc was added and the mixture was stirred until a solid crude product was dissolved. The boron sulfonic acid was filtered. In continuation of work up, the filtrate solution was concentrated then the aqueous ethanol 15% was added to the solution, the precipitate was separated and then recrystallized using aqueous ethanol 15%.
Method B
Indole or 1 H-Benzotriazol (2 mmol), boron sulfonic acid (0.04 g) and water (10 mL as solvent) were added to the phenylglyoxal (1 mmol) and the mixture was refluxed for 40 min. Completion of the reaction was indicated by TLC. After completion, the reaction was extracted by ethyl acetate (2×10 mL) and then the organic phase was concentrated. The solid product was purified via a recrystallization procedure in aqueous EtOH (15%). 
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Results and Discussion
Now, we are reporting mild, simple and efficient methods for the syntheses of bis(1H-indol-3-yl)ethanones and the bis(benzotriazol-1-yl)ethanones in the presence of B(HSO 4 ) 3 in solvent-free thermal and in aqueous media conditions. Figure 1 Method A: Thermal solvent-free, Method B: Solvent Figure 1 . Reaction of the phenylglyoxals with indole or 1 H-benzotriazol At first, the reaction of indole (2 mmol) with phenylglyoxal (1 mmol) was examined in the presence of different amounts of B(HSO 4 ) 3 at range of 25-120 ºC under thermal solventfree conditions (Method A) in order to optimize the reaction conditions with respect to amount of the catalyst and temperature. The results are summarized in Table 1 . As it can be seen from Table 1 , the reasonable results were obtained when the reaction was carried out using 0.04 g B(HSO 4 ) 3 at 110 ºC. Phenylglyoxals were synthesized by oxidation of acetophenones with selenium dioxide in the presence of dioxane or ethyl alcohol as solvent 17 .
We also investigated the effect of some solid acids on the yields of bis (1H-indol-3-yl) ethanones. As shown in the In another study, the reaction was checked in several solvents to recognize the efficiency of the solvent-free procedure in comparison to solution conditions. For this purpose, a mixture of indole (2 mmol), phenylglyoxal (1 mmol) and B(HSO 4 ) 3 (0.04 g) was stirred in different solvents (10 mL) at under reflux conditions ( Table 3 ). As Table 1 indicates, the solvent-free method afforded the product in higher yield and shorter reaction time. Thus, we prepared the bis(1H-indol-3-yl)ethanones and the bis(benzotriazol-1-yl) ethanones under the optimized reaction conditions of the 2 methods. The results are presented in Table 4 . 
Conclusion
Efficient protocols for the syntheses of the bis(1H-indol-3-yl)ethanones and the bis(benzotriazol-1-yl) ethanones via the reactions of indole or 1, H-benzotriazole and the phenylglyoxals under solvent-free thermal and solvent in the presence of B(HSO 4 ) 3 , as an easily available catalyst, were described. The catalyst was easily separated in simple workup. Moreover, the procedure offers several advantages, including high yields, operational simplicity, cleaner reactions and minimal environmental impact, which makes it a useful and attractive process for the synthesis of these compounds.
